Introduction {#S0001}
============

The pathogenesis of acne is complex, multifactorial and not well understood. Several factors such as abnormal keratinocyte function, excessive androgenic stimulation, sebum overproduction, hypercolonization by *Propionibacterium acnes* and inflammation have been implicated \[[@CIT0001], [@CIT0002]\].

At the beginning of the 20^th^ century, a German dermatologist -- Herman Wener Siemens had demonstrated first a link between genetic inheritance and acne \[[@CIT0003], [@CIT0004]\]. Subsequent twin and genealogic studies have proven genetic determination of acne. Bataille *et al*. \[[@CIT0005]\] in a study of 458 pairs of monozygotic and 1,099 pairs of dizygotic female twins, showed that 81% of the variance of the disease was attributed to genetic effects, and the remaining 19% was attributed to environmental factors. Goulden *et al*. \[[@CIT0006]\] in a study of 204 acne cases and 144 non acne control volunteers, suggested that the familial factor is important in determining individual susceptibility to adult persistent facial acne.

Despite the fact that genetic influence on the pathogenesis of acne is well documented, there is a relatively small number of publications concerning this field.

Previous investigations were focused on the role of polymorphisms in the tumor necrosis factor-α (TNF-α), tumor necrosis factor receptor type 2 (TNFR2), Toll-like receptor 2 (TLR-2), insulin-like growth factor-I (IGF-I), mucin (MUC1), retinoic acid receptor α (RAR-α), insulin-like growth factor-I (IGF-I), interleukin (IL) 1a, 4, 8, 10 and fibroblast growth factor receptor 2 (FGFR2), androgen receptor as well as cytochrome P450 (CYP) 1A1, CYP 17, CYP 21 genes \[[@CIT0001], [@CIT0007]--[@CIT0016]\].

CYP are a multigenetically coded family of iron-containing hemoproteins, which catalyzes the metabolism of exogenous and endogenous products such as fatty acids, sterols, sex sterols, glucocorticosteroids, leukotrienes, prostaglandins, and vitamins A and E. CYP11A1 is involved in the metabolism of endogenous vitamin A and retinoids, and its natural metabolites are morphogenic for the sebaceous glands \[[@CIT0014], [@CIT0015]\].

The human CYP1A1 gene is localized on chromosome 15q22-q24. The first discovered mutation (called *m1*) was a thymine-to-cytosine (T-to-C) transition situated at position 6235 creating an additional cleavage site for *Mspl* in the 3\'-flanking region 1,194 bp downstream of exon 7. The second mutation -- *m2*, is a replacement of adenine by guanine (A-to-G) at position 4889 in exon 7 \[[@CIT0015]\].

The CYP17 gene is situated on chromosome 10q24.3 and encodes cytochrome P450c17α, which is one of the key enzymes in androgen biosynthesis. That enzyme mediates both steroid 17α-hydrolase and 17,20-lyase activity. There is a polymorphism involving a single base change from T to C at the 5\'-untranslated region (UTR) in the CYP17 gene, which may create an additional SP-1 site (CCACC box) at 34 bp upstream from the initiation of translation. Increased promoter activity with an elevated level of CYP17 mRNA has been reported in variant sequences containing this polymorphism. Therefore, this polymorphism may influence the activity of the cytochrome P450c17α enzyme and sex steroid synthesis which seems to alter the serum level of sex hormones such as androgen, progesterone and estrogen \[[@CIT0014]\].

Considering the fact that the products of CYP1A1 and CYP17 genes may be involved in sebaceous unit function that genes seem to be a good candidate for an important acne factor.

In this study, --34 T \> C single nucleotide polymorphism in the promoter of theCYP17 gene as well as the *m1* (+6,235 T \> C) and *m2* (+4,889 A \> G) mutation in the coding region CYP1A1 gene were assessed in relation to the risk of acne development in Northern Polish population.

Material and methods {#S0002}
====================

The study included 115 acne patients and 94 healthy age- and sex-matched controls (aged over 20) without acne in anamnesis. The CYP1A1 gene polymorphism was analyzed by the polymerase chain reaction (PCR). The restriction fragment length polymorphism (RFLP) was used in the case of the *m1* (+6,235 T \> C) mutation and allele-specific PCR in the case of the *m2* (+4,889 A \> G) mutation. --34 T \> C CYP17 gene polymorphism was analyzed by RFLP according to the methods described by Paraskevaidis *et al*. \[[@CIT0015]\] and Rumianowski *et al*. \[[@CIT0016]\]. The results were evaluated by the Pearson\'s χ^2^ test.

Results {#S0003}
=======

The genotype distribution of all polymorphisms corresponded with Hardy-Weinberg equilibrium. There were no statistically significant association between allele and genotype frequencies between the acne and the control group ([Table 1](#T0001){ref-type="table"}).

###### 

Genotype and allele frequencies of --34 T \> C CYP17 gene and *m1* and *m2* CYP1A1 gene polymorphisms in acne patients and the healthy control group. Differences are not significant

  Variable              Controls      Acne
  --------------------- ------------- -------------
  CYP17                               
  Genotype frequency:   *N* = 94      *N* = 115
   TT                   34 (36.2%)    40 (34.8%)
   TC                   43 (45.7%)    53 (46.1%)
   CC                   17 (18.1%)    22 (19.13%)
  Allele frequency:     *N* = 188     *N* = 230
   Allele T             111 (59.0%)   133 (57.8%)
   Allele C             77 (41.0%)    97 (42.2%)
  CYP1A1m1                            
  Genotype frequency:   *N* = 94      *N* = 115
   wt/wt                80 (85.1%)    93 (80.9%)
   wt/m1                14 (14.9%)    22 (19.1%)
   m1/m1                0 (0%)        0 (0%)
  Allele frequency:     *N* = 188     *N* = 230
   Allele wt            174 (92.5%)   208 (90.4%)
   Allele m1            14 (7.5%)     22 (9.6%)
  CYP1A1m2                            
  Genotype frequency:   *N* = 94      *N* = 115
   wt/wt                89 (94.7%)    106 (92.2%)
   Wt/m2                5 (5.3%)      9 (7.8%)
   M2/m2                0 (0%)        0 (0%)
  Allele frequency:     *N* = 188     *N* = 230
   Allele wt            183 (97.3%)   221 (96.1%)
   Allele m2            5 (2.7%)      9 (3.9%)

wt -- Wild type.

Discussion {#S0004}
==========

The etiopathogenesis of acne vulgaris is multifactorial and associated with genetic and environmental aspects. The sebaceous gland function is regulated by various factors (hormones, cytokines, chemokines, grow factors) however vitamin A metabolites and androgens play a crucial role. Therefore, that might be the reason why CYP genes are possible acne gene candidates.

Polymorphic variants of CYP family genes were associated with several inflammatory and neoplastic disorders but only few studies are concentrated on acne \[[@CIT0013]--[@CIT0015], [@CIT0017]\].

The first molecular researches of genetic acne predisposition were performed at the end of the 20^th^ century. In 1998, Paraskevaidis *et al*. \[[@CIT0015]\] found a trend to an overexpression of CYP1A1 *m1* alleles in acne patients and normal frequency of *m2*. Authors believed that the *m1* mutation might define a marker for alterations on regulatory sites, the biological efficacy of natural retinoids could be greatly impaired by their rapid metabolism to inactive compounds. A deficit of active natural retinoids may be implicated with the development of acne in some patients, due to abnormal sebocyte differentiation and hyperkeratinization of the follicular canal. Our preliminary study on a smaller group showed a two times higher incidence of CYP1A1 *m1* and *m2* mutations in the acne group compared to controls \[[@CIT0018]\]. We have not revealed any association between CYP1A1 gene polymorphisms and acne in this study in spite of including twice as many patients.

The relationship between the CYP17-34T \> C gene polymorphism was first observed by He *et al*. \[[@CIT0014]\]. Authors revealed that a CYP14-34C/C homozygote Chinese man had a significantly increased risk of developing severe acne. A subsequent Chinese report revealed that the presence of base substitution thymine to cytosine in --34 CYP17 increases the risk of post adolescent acne in female subjects with increased androgen levels \[[@CIT0019], [@CIT0020]\]. In our study, we did not confirm these results. Caputo *et al*. \[[@CIT0013]\] evaluated CYP21 gene mutations in a selected group of women with papulopustular and comedonal acne refractory to treatment, irregular menses and hirsutism. Authors revealed several different point mutations and demonstrated that a cohort of patients resistant to acne therapy can be carriers of or affected by non-classical 21-hydroxylase deficiency (late onset).

Yang *et al*. \[[@CIT0017]\] analyzed the CAG repeat polymorphism in the androgen receptor gene and acne in the Chinese population. Their results indicate that polymorphism to be one of the candidate genetic markers for male acne susceptibility.

That inconsistent results suggest that genetic predisposition to acne is poligenetically coded and can be associated with the patient origin. Our and Romanian-Hungarian researches did not show any relationship between --308G \> A TNF gene polymorphism and acne contrary to two Arabic studies. Also TNF-308G \> A genotype frequencies of control individuals were different in Polish, Hungarian-Romanian and Turkish studies \[[@CIT0007], [@CIT0010], [@CIT0020], [@CIT0021]\].

Conclusions {#S0005}
===========

Presented data did not confirm the role of the CYP1A1 and CYP17 gene as predictor factors for acne development in the Polish population. Results of our study as well as literature data indicate that genetic susceptibility to acne may vary in a different population. Further complex, multicenter investigations are strongly required.
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